Introduction
Infectious diseases, particularly enteric diseases, constitute a major problem for commercial poultry farmers mainly because of the associated production losses, increased mortality rates and subsequent contamination of poultry products intended for human consumption. Therefore, the manipulation of gut microbiota and immunity of poultry chickens using feed additives has been known as an important strategy for improving the growth performance and reducing losses caused by diseases (Kamboh et al., 2016) . In addition, a growing concern related to anti-microbial resistance of pathogens isolated from humans and food animals, together with the ban of the use of antibiotics as feed additives, have enhanced the focus of research on natural alternatives for the production of food animals (Raheema et al., 2016) .
In ovo feeding refers to an administration of exogenous nutrients into avian fertile eggs in the form of a solution. Some natural substances can also be used for exogenous administration into fertile eggs.
ABSTRACT. The present study evaluated the effect of honey administration in pre-and post-hatch sessions on the immunity and intestinal microflora of growing broilers. The pre-hatch experiment was conducted on fertile eggs (n = 160) that were inoculated either with 0.5 ml 20% diluted honey (+pre-hatch) or with the same quantity of normal saline (−pre-hatch) on day 15 of incubation. After hatching, the chicks from each group were divided into two groups: control (−post-hatch) and the other receiving 1% honey (+post-hatch) in drinking water up to day 21. The experimental groups: C = −pre-hatch/− post-hatch, T1 = −pre-hatch/+post-hatch, T2 = +pre-hatch/−post-hatch and T3 = +pre-hatch/+post-hatch, were evaluated for performance parameters, antibody titer against Newcastle disease virus (NDV), relative weight of lymphoid organs and counts of gut microflora. It was shown that the pre-hatch honey administration significantly (P < 0.05) improved feed intake, final body weight, relative weight of spleen and anti-NDV antibody titer. Post-hatch honey supplementation significantly (P < 0.05) increased feed intake, FCR, final body weight, anti-NDV titer, relative weight of spleen and Lactobacilli count, while decreased (P < 0.05) the counts of Escherichia coli and Salmonella on day 21. The interaction of both the pre-and post-hatch honey administrations also significantly affected (P < 0.05) performance and immunity parameters, as well as the intestinal microflora. So, in ovo and post-hatch administration of honey had positive impacts on performance, immune organ indices, gut microbiota and anti-NDV titer in growing broiler chickens.
The developmental environment of the chicken embryo has a limited amount of in ovo energy and nutrients (Ferket and Uni, 2002; Foye et al., 2006) . These natural substances can modify enteric development to improve the hatchling's status during the transition from embryonic nutrition to diet digestive competence. In addition, in recent studies the importance of in ovo feeding of nutritional and non-nutritional compounds to enhance cellular, humoral and mucosal immunity was also highlighted (Kadam et al., 2013) . During development, appropriate nutrition may minimize the incidence of disease by increasing the availability of certain nutrients, which can modulate the function of the immune system through various mechanisms (Korver and Klasing, 2001 ) and so enhance immunity (Batool et al., 2002) . The functional properties of some natural products, such as herbal extracts (Chang et al., 2007; Ali et al., 2016) , probiotics (Nichols, 2007) , prebiotics (Ahossi et al., 2016) and enzymes (Eisenthal and Danson, 2002) , augment the immunity in the animal model systems. Hence, there is an increasing trend for using natural compounds as feed additives in animal production.
Honey, a sweet and viscous natural food product formed from the nectar of flowers by honeybees (Alvarez-Suarez et al., 2014) , is an important insectderived natural product that has proven therapeutic, spiritual, traditional and cosmetic importance throughout the human history. It contains, %: fructose 38.2, glucose 31.3, maltose 7.1, sucrose 1.3, other sugars 1.5, ash 0.2 and water 17.2. It also contains trace amounts of proteins, dietary fibres, vitamins and minerals (USDA, 2014) . It has shown many biological activities, such as anti-inflammatory, antioxidant, antimicrobial and immunostimulatory effects (Alvarez-Suarez et al., 2014) , which are mainly accredited to its chemical composition including polyphenols, flavonoids, diterpene acids and aromatic compounds (Lofty et al., 2006) .
Till now, the research related to the effects of honey as a feed additive for poultry, particularly its effects on embryonic development and growth, is quite limited. Therefore, in the present study in ovo and supplemental effects of honey during post-hatch life on the immunity and gut microflora of growing broiler chickens were investigated.
Material and methods

Pre-hatch treatment
All the experimental procedures were approved by the Board of Advanced Studies, Sindh Agriculture University, Tandojam (Pakistan). Fertile Hubbard breeder eggs, (n = 160; 46-52 g) of 34 weeks age, were purchased from a commercial hatchery, and brought to the Poultry Experimental Station, Department of Poultry Husbandry, Faculty of Animal Husbandry and Veterinary Sciences, SAU (Tandojam, Pakistan). The eggs were initially fumigated, candled, weighed, and randomly divided into 2 groups. The eggs were inoculated either with 0.5 ml of 20% diluted honey (Marhaba Laboratories, Lahore, Pakistan) (+prehatch) or with the same quantity of normal saline (−pre-hatch) through injection in the yolk sac and sealed with molten paraffin on day 15 of the incubation. For in ovo injection honey dose was adopted from a recent study (Abdullah et al., 2018) . All the eggs were incubated according to standard hatchery practices (37.72 to 37.78 °C; 60 to 70% humidity) up to day 21.
Post-hatch treatment and farming condition
At the first day post-hatch, the chicks from both groups were further divided into two groups (five replicates per group), one served as control (−post-hatch), while the other was given 1% honey (+post-hatch) in drinking water up to day 21. The dosage of honey was adopted based on our preliminary trails that used different dosages keeping in view the feasible cost of honey (unpublished data). The chicks of all the four experimental groups (C = −pre-hatch/−post-hatch, T1 = −pre-hatch/+posthatch, T2 = +pre-hatch/−post-hatch and T3 = +prehatch/+post-hatch) were initially weighed and transferred into an experimental house for subsequent evaluation of growth performance. A floor space of 464 cm 2 per broiler was provided during the brooding period, and 929 cm 2 per broiler during the later stage of rearing. The chicks were reared for three weeks of age, and supplied with a standard broiler feed, which was formulated considering the nutritional requirements of broilers during the starter period (days 1-21 of age) according to National Research Council (NRC, 1994) recommendations ( Table 1) . The temperature was maintained at 35 °C during the 1 st week, 32.2 °C during the 2 nd week and 29.4 °C during the 3 rd week. Feed and water were provided ad libitum. All chicks were vaccinated with Newcastle disease virus (NDV, B 1 strain vaccine) on the day 5 of age. Feed consumption and body weight gain (BWG) were recorded, and used to calculate the feed conversion ratio (FCR).
Sample collection and analysis
At day 21 of age, five birds from each group (one per replicate) were randomly chosen, weighed and slaughtered. The weights of lymphoid organs (spleen, thymus and bursa of Fabricius) were measured using a digital weighing balance, while the relative weight of lymphoid organs was calculated. The caecal contents (about 10 g) were collected aseptically into sterile Eppendorf tubes, and stored at −4 °C to enumerate the caecal microflora. Blood samples (5 ml) were collected on days 15 and 21 from the wing vein using sterile syringes, and allowed to clot for 30 min at room temperature for the collection of sera, which were analysed for anti-NDV antibody titers using the standard method of Majiyagbe and Hitchner (1977) . The endpoint of each serum sample was determined using haemagglutination inhibition method, while the results were calculated as log 2 of the reciprocal of the last dilution.
The caecal contents were enumerated for the determination of total bacterial count, as well as counts of Escherichia coli, Salmonella and Lactobacilli following the procedure of Sultan et al. (2015) . The samples were weighed (1 g) and serially diluted (ten-fold) in 0.9% saline and vortexed. Approximately, 1 ml of each sample was dispensed and spread on general and selective media in the petri dishes including, MacConkey agar for E. coli count, Brilliant Green agar for Salmonella and de-Man-Rogosa Sharpe (MRS) agar plates for total Lactobacilli. All the media were prepared according to the manufacturer's instructions (Oxoid, Basingstoke, UK). The microbial suspensions from each dilution of the samples were transferred through the pour plate method (Quinn et al., 1992) and incubated at 37 °C for 24 h. The pathogens were identified by growing on specific media and biochemical tests. Subsequently, the colonies were counted using a colony counter, while the results were expressed as CFU/g of the contents.
Statistical analysis
The collected data were tabulated and analysed by using the analysis of variance (ANOVA) followed by Tukey's post-hoc test through JMP statistical package software (version 5.0.1.a, SAS Institute Inc., Cary, NC, USA) as 2 × 2 factorial arrangements with pre-(in ovo) and post-hatch honey treatments as the main effects. Level of significance was determined at P < 0.05. All the results were presented as mean and standard error (mean ± SE).
Results
Effect on honey treatment on performance
Feed intake was the highest in −pre-hatch/+posthatch (T1) followed by +pre-hatch/+post-hatch (T3), +pre-hatch/−post-hatch (T2) and control (C) groups (Table 2 ). Statistical analysis revealed that both the pre-and post-hatch honey treatments improved (P < 0.05) the feed intake. In addition, the interaction of both the pre-and post-hatch honey treatments was also significant.
Similarly, both pre-and post-hatch honey treatments improved the body weight gain (BWG) of the growing broilers (Table 2 ) and also their interaction was significant. The highest BWG (g/bird) was recorded in T1 group, while the lowest value was observed in group C.
The best feed conversion ratio (FCR) was recorded in T1, followed by T2, T3 and C groups, respectively. Statistical analysis showed that the posthatch treatment significantly decreased (P < 0.05) the FCR, while the pre-hatch treatment did not exhibit any effect (P > 0.05) on FCR. Moreover, the interaction of the pre-and post-hatch honey treatments was also significant.
Effect of honey treatment on anti-NDV antibody titer
The T1 group exhibited the highest rise in anti-NDV antibody titer on day 15, followed by T2, T3 and C groups, however T2 and T3 groups did not differ ( Figure 1A) . Both pre-and post-hatch honey treatments improved (P < 0.05) the antibody titer. In addition, the interaction of the pre-and post-hatch honey treatments was also statistically significant.
Similarly, the post-hatch honey treatment and the interaction of the pre-and post-hatch honey treatments also significantly improved the anti-NDV antibody titer on day 21; however, the prehatch honey treatment did not affect (P > 0.05) the antibody titer. The highest rise in the antibody titer was recorded in group T1, followed by T2, T3 and C groups ( Figure 1B) .
Effect on honey treatment on the relative weight of immune organs
The results of two-way ANOVA indicated that the overall effects of the pre-and post-hatch honey treatments on the bursa of Fabricius index, as well as their interaction, remained statistically non-significant (Table 3) . C  T1  T2  T3 pre-hatch honey post-hatch honey interaction Feed intake, g 1151 ± 4.3 d 1199 ± 3.4 a 1156 ± 7.5 c 1162 ± 6.1 b 0.006 0.003 0.001 Body weight, g 579.8 ± 7.4 c 708 ± 4.8 a 691.2 ± 5.1 b 685 ± 11.9 b <0.001 <0.001 <0.001 FCR, g/g 1.74 ± 0.01 a 1.41 ± 0.03 d 1.54 ± 0.03 c 1.61 ± 0.05 b 0.901 0.001 <0.001 1 C: −pre hatch/−post hatch, T1: −pre hatch/+post hatch, T2: +pre hatch/−post hatch, T3: +pre hatch/+post hatch; a-d -means with different superscripts within each row are significantly different according to two-way ANOVA with Tukey's post-hoc test at P ≤ 0.05 In addition, T1 and T2 groups exhibited higher relative weight of thymus in comparison to T3 and C ones. None of the pre-and post-hatch honey treatments showed any significant effect on the relative weight of thymus; however the interaction of the main effects was also statistically significant.
Moreover, T1, T2 and T3 groups had higher relative weight of spleen in comparison to C group. Both the pre-and post-hatch honey treatments significantly improved the spleen index. In addition, the interaction of the pre-and post-hatch honey treatment was also statistically significant.
Effect on honey treatment on caecal microflora
The effects of the pre-and post-hatch honey treatments on total bacteria count were non-significant (Table 4) ; however the interaction of main effects was statistically significant. The T2 group exhibited the highest count of total viable bacteria followed by T1, T3 and C groups; however T3 and C groups did not differ.
On the other hand, the E. coli count of caecal contents was the highest in the control group, followed by T3, T2 and T1 groups. Moreover, the effects of the post-hatch honey treatment, as well as the interaction of the pre-and post-hatch honey treatments were statistically significant. However, the pre-hatch treatment showed non-significant effects on the E. coli population.
Similar to E. coli, the highest count for Salmonella was also observed in C group, while the lowest count was observed in T1, followed by T3 and T2, respectively. The effect of post-hatch honey treatment, as well as the interaction of pre-and post-hatch honey treatments were also significant. However, the effect of pre-hatch honey was non-significant (P = 0.05).
The T1 group showed the highest increase in Lactobacilli count, and the lowest value was observed in the C group. The effect of post-hatch honey treatment, as well as the interaction of pre-and posthatch honey treatments were significant. In contrast, the effect of pre-hatch treatment showed nonsignificant effects on Lactobacilli count in broilers.
Discussion
In ovo supplementation of different compounds, such as glucose (Salmanzadeh, 2012) , nano forms of zinc, copper and selenium (Joshua et al., 2016) , royal jelly (Moghaddam et al., 2013) , amino acids (Ohta et al., 2001) and carbohydrates (Zhai et al., 2011) , has previously been examined by many researchers. However, to our knowledge, this is the first study in which honey was injected into broiler breeder eggs to investigate its effects on immunity and gut microflora during post-hatch life. Our results regarding improved feed intake and body weight of broilers during the starter period are consistent with the previous works of Shafey et al. (2014 ), Salmanzadeh, (2012 and Moghaddam et al. (2013) , who reported improvements in weight gain, feed intake and FCR of chickens connected with the in ovo administration of amino acids, glucose and Total bacterial count 1.50×10 5 ± 0.05 c 2.03×10 5 ± 0.15 b 2.13×10 5 ± 0.17 a 1.53×10 5 ± 0.10 c 0.750 0.660 0.004 Escherichia coli count 2.43×10 4 ± 0.09 a 1.54×10 4 ± 0.09 d 1.82×10 4 ± 0.17 c 1.90×10 4 ± 0.07 b 0.521 0.002 0.002 Salmonella count 1.33×10 4 ± 0.05 a 0.38×10 4 ± 0.07 d 0.85×10 4 ± 0.03 b 0.60×10 4 ± 0.07 c 0.050 <0.001 <0.001 Lactobacilli count 1.55×10 4 ± 0.09 d 2.17×10 4 ± 0.08 a 1.82×10 4 ± 0.07 c 1.90×10 4 ± 0.08 b 0.842 0.001 0.003 1 C: −pre hatch/−post hatch, T1: −pre hatch/+post hatch, T2: +pre hatch/−post hatch, T3: +pre hatch/+post hatch; a-d -means with different superscripts within each row are significantly different according to two-way ANOVA with post-hoc Tukey's test at P ≤ 0.05 0.10 ± 0.01 c 0.14 ± 0.00 a 0.12 ± 0.00 b 0.15 ± 0.01 a 0.004 0.038 0.004 1 C: −pre hatch/−post hatch, T1: −pre hatch/+post hatch, T2: +pre hatch/−post hatch, T3: +pre hatch/+post hatch; a-c -means with different superscripts within each row are significantly different according to two-way ANOVA with Tukey's post-hoc test at P ≤ 0.05 royal jelly. Honey sugars, in comparison to cane sugar, have beneficial effects on appetite-regulating hormones (Larson-Meyer et al., 2010) . In addition, the supplementation of honey into drinking water has been used to improve the feed intake that directly correlates with the weight gain and FCR, particularly through improving the intestinal health and digestion, as well as by prevention of nutrients wastage from the gut (Hegazi et al., 2013) . The results of the present study also coincide with the findings of Kornasio et al. (2011) , who reported that in ovo feeding exogenous nutrients or post-hatch additives boosts the intestinal growth via improving villi size, which helps in the capacity of digestion, thus improves FCR. On the other hand, the results of Abioja et al. (2012) are in contrast with the present findings, who reported non-significant effects in the final body weight gain and feed intake among groups offered honey-supplemented water and control group.
In the current study, each bird from honey supplemented groups (T1 and T3) received an additional 100 calories energy by honey supplementation in the 21-day period. As this energy (100 cal) was shared during 21 days, the resultant was a very little amount of energy (only about 5 cal/day). Hence it could be stated that honey as a mixture of saccharides has no effect on the performance (e.g., body weight) of broilers. On the other hand, honey contains a number of health enhancing and growth promoting agents like vitamins (including riboflavin, niacin, folic acid, pantothenic acid, ascorbic acid and vitamin B6), trace elements (like calcium, iron, zinc, potassium, phosphorous, magnesium, selenium, chromium and manganese) and antioxidant polyphenols (Ball, 2007; USDA, 2014) . It has been estimated that each g of honey contains about 1 mg of polyphenols with total antioxidant capacity of 296 mg gallic acid equivalents (Islam et al., 2017) . Hence, it is advisable to credit positive effects of honey supplementation observed in this study to noncarbohydrate constituents of honey.
In the present study, the increase of antibody titer in the honey-treated chickens, as compared to that of control, reflected the immunostimulatory action of honey. Orsi et al. (2000) stated that honey possesses immunomodulatory effects, as it influences the initiation of macrophages and antibody synthesis in vitro. In addition, Yuan et al. (2012) reported that honey contains flavonoid liposomes that may increase the antibody titer in a dose-dependent manner. Moreover, natural honey is a rich source of polyphenols, including flavonoids, flavonols and flavones (about 20 mg/100 g), which possess antibacterial, antioxidative and immunomodulatory properties (Kimoto et al., 1999; Prytzyk et al., 2003) .
The relative weights of lymphoid organs (spleen, thymus, and bursa of Fabricius) were assessed in this study as the direct indices of immunestimulation. Honey administration improved the indices for all the lymphoid organs, with pronounced effects on the spleen index. A similar observation was reported by Orsi et al. (2000) , who stated that honey influenced the weight of lymphoid organs via activation of macrophages antibody synthesis. On the other hand, Hegazi et al. (2013) reported a nonsignificant observation but numerically improved the weight of lymphoid organs in honey treated chickens, as compared to that of the control group. The authors further resolved that the increase in the weight of lymphoid organs was due to the high production of T cells via activation of mitosis. Furthermore, the results of the present study coincide with the findings of Abioja et al. (2012) , who concluded that supplementation of 20 ml honey per l of drinking water increased the weight of thymus.
In the current study, honey administration during post-hatch session improved the Lactobacilli count in the treated broilers, as compared to those of the control group. Hajati et al. (2014) reported that Lactobacilli suppress undesirable enteric microorganisms like E. coli; maintain intestinal immune homeostasis, prevent inflammation and release bactericidal or bacteriostatic chemicals. In addition, Landry et al. (2016) reviewed that honey is an exceptional source of prebiotic oligosaccharides, like fructo-oligosaccharide, galacto-oligosaccharide, and it enhances the viability of probiotic lactic acid bacteria. Prebiotics are the substances, which cannot be digested by pathogenic microorganisms, and thereby selectively enhance the development of probiotics, hence confer health-benefits through the production of various metabolites, as well as by reduction of pathogenic microorganisms through competition (Deraz, 2018) . Overall, these findings support the present results regarding the improvement of growth performance and immunomodulatory observations in this study.
Feeding probiotics in post-hatch period helps to maintain a beneficial intestinal microflora, augments the host's immune system, and results in a healthy gastrointestinal environment with an enhanced gut function and feed conversion that results in improved weight gain and performance of birds (Vilà et al., 2009; Mountzouris et al., 2010) . Whereas, in ovo administration of probiotics is known to improve early performance and immunity against coccidiosis in broilers (Pender et al., 2016) . In addition, prebiotics are non-digestible feed ingredients that beneficially affect the host by selective stimulation of the growth and activity of one or a limited number of bacteria (Patterson and Burkholder, 2003) . In ovo administration of probiotics is also observed as beneficial in improving the digestive potency and weight gain, (Pruszynska-Oszmalek et al., 2015) and development of lymphoid organs (Madej et al., 2015) in broilers. In the present study, Lactobacilli counts were higher in the control group, which might be a reason of lower counts of E. coli and Salmonella. Similar observation was made by Hajati et al. (2014) , who reported the reduction in the growth of undesirable intestinal microflora like E. coli by higher numbers of Lactobacilli. In another study, Tannock et al. (1974) noted that the gut microflora provided a natural barrier against the harmful bacteria, which subsequently prevented the growth of exogenous and pathogenic bacteria, as well as produced bacteriocins and other substances that augmented the immune system, thus increased the helpful microorganisms in the intestine. Hence, in the present study, the in ovo administration of honey acted as a prebiotic that served as feed for the endogenous probiotics, hence suppressed the growth of exogenous pathogenic microbes.
In the current study, honey played a role of an immunostimulatory and endogenous microflora modulatory agent that might lead to better performance of broilers. In previous studies it was shown that in honey can be found several types of biologically active agents including flavonoids that have been attributed as best immunomodulatory, gut modulatory and microflora adjusting agents in poultry (Kamboh et al., 2015; 2018) . However, the flavonoids extracted from honey should be screened for their biological potential and be compared with those extracted from botanicals.
Conclusions
In ovo and post-hatch administration of honey had a positive impact on performance, immune organ indices and anti-Newcastle disease virus antibody titer in growing broilers. Moreover, honey administration positively influenced the population of gut microbiota in growing animals. Nonetheless, further studies are needed to examine the effect of different doses of honey on gut microbiota and immunity in immunologically challenged broilers. The obtained results will allow to draw a comprehensive conclusion regarding the immunomodulatory potential of honey and its possible inclusion into broiler diets.
